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A Kin d o f Chelator Compound of Heavy Metals Co ntaini ng Chitosa n 
(CTS) Derivati ves and Its A pplications 

5 Fields of Invention 

This invention is affiliated to the field of environmental protection, 
especially to the fields of wastewater, waste solids that polluted by harmful 
heavy metal ions. This invention is involved in a kind of chelator 
compound of heavy metals and its applications in the treatment of the 
10 wastewater, waste mud, and garbage burned ash containing heavy metals, 
or the soil polluted by heavy metal ions. 

Technical Background 

Water is the basic yet the most valued resource that cannot be replaced 

15 for human beings living. With the society and economic development, the 
demand for fresh water is increasing, however, due to the intensive 
development in the industries, especially in the development of mechanical, 
mining, metallurgical, and chemical industries, the pollution to waters of 
rivers, lakes and seas caused by the industrial waste water is becoming 

20 severe. Among the heavy metals ions, Hg, Pb, Cd, Cu, Zn, Mn, Cr and As 
etc have been doing harm to the health of human beings in various 
countries and areas in the world. The water resource crisis is becoming the 
bottleneck for those countries to further development. In the early 1950s, 
the pollution caused by heavy metal ions had been seriously concerned of 

25 popularly, with the increasing development of industries, ions of Hg, Pb, 
Cd, Cu, Zn, Mn, Cr and As etc are very dangerous to the health of human 
beings. Thus, people are more and more concerned of the treatment of such 
heavy metal ions, and proposed many treatment processes, among which 
chemical sedimentation and flocculation processes are used most widely by 

30 using various chemical flocculants. However, those chemical reagents are 
sodium hydroxide and calcium hydroxide etc, they themselves are also the 
pollution resources during production and they form the unstable sediments 
in the treatment. For that reason, many countries in the world recently have 
adopted stricter regulations and criteria to prevent pollution of water from 

35 heavy metal ions, requiring that the contents of such ions in the wastewater 
be lower than allowed, proposing many processes to remove such metal 
ions from wastewater. Such well known processes include chemical 
processes (sedimentation, oxidation-reduction etc), ion resins exchange, 
electrolysis, absorption, elecrodialysis, condensation, biotechnological 

40 processes etc. Among those processes, the equipment costs are large for the 
physical ones, thus chemical sedimentation processes are widely used, in 
which the heavy metal ions are removed in the forms of hydroxides or 
sulfides. Due to the somewhat solubility of the hydroxides in water, it is 
hard to completely remove the heavy metal ions from water, furthermore, 
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those hydroxides are not so chemically stable that when they meet the acid 
rain, they will be partially resolved and produce the further pollution to the 
environment. 

One of the purposes of this invention is to offer a chelator compound 

5 of heavy metals that can remove the little amount of heavy metal ions and 
form stable chelate compounds that is impossible by using the 
sedimentation processes. By using this chelator compound in the treatment, 
the produced chelate compound is quickly formed and it is convenient to 
separate it from water, and since it is chemically stable, it will not produce 

10 any further pollution to the environment. 

On the other hand, with the faster paces of industrialization and 
urbanization, the amount of dangerous waste and hazards from living and 
production is in extremely huge increasing. Considering their serious 
impacts on the environment, the environmental planning department of the 

15 United Nations (UN) in 1983 had given out the warnings that the hazards 
pollution was as severe as the global environmental problems of acid rain, 
hotter weather and ozone protection. Urban garbage is one of the resources 
of the dangerous waste and hazards, urban garbage treatment without harm 
is the basic approach. To save the agricultural lands and protect the 

20 underground water resources, and in the cities with large populations, 
burning instead of filling and burying urban garbage is the trend. During 
the garbage burning, the produced ash contains high contents of heavy 
metals, in order to prevent the solution of the dangerous components, 
reduce the migration of heavy metals ions into the environment, and 

25 minimize the amount of such garbage and realize the resources utilization, 
the waste stabilization and solidification is more and more seriously 
considered. Based on the disadvantage that the volume increasing of the 
traditional solidification methods, the chemical reagents for stabilization 
are being in development. 

30 Another purpose for this invention is to offer a kind of chelator 

compound of heavy metals containing chitosan (CTS) derivatives to apply 
for the treatment of the garbage burned ash that contains heavy metals, and 
the soil polluted by heavy metal ions. When it is mixed with the wastes 
containing heavy metal ions, under the suitable conditions, the heavy metal 

35 ions in the wastes will form into chelate compounds that are difficult to be 
dissolved, thus realize the purposes of treatment without harm and meet the 
requirements of garbage filling or burying. 
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Contents of Invention 

More especially, this patent provides a kind of chelator compound of 
heavy metals containing chitosan (CTS) derivatives. This chelator 

5 compound of heavy metals is applied to the treatment of the wastewater, 
waste mud, and garbage burned ash that contains heavy metals, or the soil 
polluted by heavy metal ions. The described chelator compound of heavy 
metals contains CTS derivatives at least l-100%wt, those containing 
1-25% will be optimized and selected as priority; the rest contents are 

10 polyamine derivatives. The CTS derivatives adopted in this invention as 
primary component are from the naturally regenerated resources, so it will 
be not only an economical way for utilizing the waste, but also form 
chemically stable and easy for solidification chelate compounds that will 
not produce any further pollution to the environment. Compared with the 

15 similar products in foreign countries, this product is cheap in price and it is 
simpler to use. There are sufficient resources of shells in China, and 
hundreds of enterprises have produced chitin and CTS using animal shells 
as raw materials initially, and they can be further processed to the products 
in this invention. During the production, there are no waste solids, neither 

20 waste liquids nor waste gases to the environment. 

Another purpose for this patent is to provide a kind of chelator 

compound of heavy metals containing chitosan (CTS) derivatives and 

polyamine derivatives. This chelator compound of heavy metals is appled 

to the treatment of the wastewater, waste mud, and garbage burned ash that 

25 contains heavy metals, or the soil polluted by heavy metal ions. When 
chitosan (CTS) derivatives and polyamine derivatives are used in the same 
process, it widens the scope of ions capturing, strengthens the synergistic 
effects and simplifies the treatment processes, lowers the costs and 
enhances the treatment satisfaction. In this paper, %WT indicates the 

30 weight percentages. 

This invention also provides the treatment of the wastewater, waste 
mud, and garbage burned ash that contains heavy metals, or the soil 
polluted by heavy metal ions. The treatment uses the synergistic chelator 
compound of heavy metals containing chitosan (CTS) derivatives and 
35 polyamine derivatives. The used synergistic chelator compound of heavy 
metals containing chitosan (CTS) derivatives and polyamine derivatives 
contains the following contents: 
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Components Content %WT 

At least one dithio-formate (dithiocarbamate) CTS 1-100 
derivatives 

At least one dithio-formate (dithiocarbamate) 0-99 
polyamine derivatives 

For the purpose of optimization and selection by priority, the 
synergistic chelator compound of heavy metals containing chitosan (CTS) 
5 derivatives and polyamine derivatives contains the following contents: 

Components Content %WT 

At least one dithio-formate (dithiocarbamate) CTS 1-25 
derivatives 

At least one dithio-formate (dithiocarbamate) 75-99 
polyamine derivatives 

The described CTS derivatives that carry at least one dithio-formate 
(dithiocarbamate) has the general structural formula I: 
CH2OR 




General structural formula I 



Where: 

S 

R : H Or — C"SX (X Na, K, NH4, l/2Ca, tfcMg) 



R' :H, — C-CH 3 or — C ~ SX (X Na, K. NH4 , -|/2pa, V2Mg) 

15 

m: an integer in the range of 1 0-1 00000. 

The described CTS derivatives that carry at least one dithio-formate 
(dithiocarbamate) especially mean that the CTS derivatives 5 all sugar rings 
at the 2- carbon amino or the 6- carbon of hydroxyl contains at least one 
20 dithio-formate (dithiocarbamate). 

The described CTS derivatives are the chitosan (CTS), oligosaccharide 

and chitin derivatives. The described CTS derivatives are the chitosan 
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(CTS), oligosaccharide and chitin derivatives with molecular weight 
greater than or equals to 500. 

Optimized by priority, the described CTS derivatives with general 
structural formula I, the functionality is in the range of 0.1 and l.Ommol/g 
5 of CTS. Optimized on more priority, it has the functionality in the range of 
0.2and 0.8mmol/g of CTS. 

Optimized on more priority, the described CTS derivatives with general 

structural formula I are the chitosan (CTS), oligosaccharide and chitin 
derivatives carrying one or more sodium dithiocarbamate , potassium 
10 dithiocarbamate, ammonium dithiocarbamate, calcium dithiocarbamate, 
magnesium dithiocarbamate, the functionality is in the range of 0.1 and 
l.Ommol/g of CTS. 

The CTS derivatives described in this invention can be manufactured in 
this way: with the CTS and carbon disulfide in presence of the base, the 

15 active H on the amino is replaced and formed the dithio-formate 
(dithiocarbamate) CTS derivatives, or, hydroxyl conducts the xanthogenate 
reaction and then formed into xanthogenate. The base mentioned here is 
selected on priority in the compounds containing metals in the alkali metals 
in No. I cluster and the alkali earth metals in No. II cluster listed in the 

20 elements periodic table. The compounds selected on priority are sodium 
hydroxide and potassium hydroxide among the salts of carbonates, 
bicarbonates, hydrides and hydroxides. The described CTS derivatives in 
this invention are the chitosan (CTS), oligosaccharide and chitin 
derivatives with molecular weight greater than 500. 

25 The described polyamine derivatives that carry at least one 

dithio-formate (dithiocarbamate) means that the polyamine derivatives' 
amino of the polyamine derivatives contains at least one dithio-formate 
(dithiocarbamate). The molecular weight of the polyamine mentioned in 
this invention is less than 500. 

30 The polyamine derivatives mentioned right in this invention can be 

manufactured by this way: the diamine compounds polyamine compounds 
react with the base solution, adding two drops of carbon disulfide, produces 
the polyamine derivatives containing at least one dithio-formate 
(dithiocarbamate). The base solution mentioned here is selected on the 

35 priority in the compounds containing metals in the alkali metals in No. I 
cluster and the alkali earth metals in No. II cluster listed in the elements 
periodic table. The solutions of compounds selected on priority are sodium 
hydroxide and potassium hydroxide among the salts of carbonates, 
bicarbonates, hydrides and hydroxides. 

40 The diamine compounds or the polyamine compounds that are used as 
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raw materials for the manufacture of the polyamine derivatives for this 
invention include the aromatic polyamine or diamine compounds, alicyclic 
polyamine or diamine compounds or aliphatic polyamine or diamine 
compounds. The selected ones are based on the priority with the general 
5 formula II: 



25 



Jl 2 

H 2 N — (RTrCH 2 1— NH 

\ n p 



a General Structural formula II 



Where: R 2 is aromatic ring and/or aliphatic ring, n is an integer of 0 or 1; 

10 p is an integer in the range of 0-10; q is an integer in the range of 0-10000. 
The mentioned aromatic compounds mean the carbon rings containing 6 to 
18 carbon atoms within it or the heterocyclic compounds, where benzene 
heterocyclic compounds and naphthalene heterocyclic compounds are the 
priorities. On the heterocyclics, there may be one or more substituents, 

15 such as methyl, hydroxyl, and halide atoms etc. 

The mentioned aliphatic ring compounds mean the carbon rings 
containing 6 to 18 carbon atoms within it or the heterocyclic compounds, 
where cyclohexyl compounds and the compounds with similar structures 
are the priorities. The priorities selected compounds in the general formula 

20 II are the ethylene amine, divinyl triadamine etc. 

The compounds with the general formula II carry at least one 
dithio-formate (dithiocarbamate) has the general structural formula III: 

3t^4 



R R N ( (R ) n (CH 2 ) P NR ) q 

Where : R 2 is aromatic ring and/or aliphatic ring, 
R 3 , R 4 and R 5 may or may not be the same , they are each H or 
S 



— C— SX(XJsfa, K, NH4, l/2Ca,l/2Mg) 

y 

but the constrain is that R 3 , R 4 and R 5 cannot be H simultaneously, n is an 
30 integer of 0 or 1; p is an integer in the range of 0-10; q is an integer in the 
range of 0-1 0000. 

The definitions of aromatic ring and/or aliphatic ring in the general 
formula III and II are the same. 

Based on optimization by priority, the described polyamine derivatives 
35 with general structural formula III has functionality in the range of 1 .0 and 
1.5mol/mol. Based on more optimal selection by priority, the described 
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polyamine derivatives with general structural formula has functionality in 
the range of 1 .0 and 2.0mol/mol. 

Based on more optimal selection by priority, the described polyamine 
derivatives with general structural formula III carry at least one 
5 dithio-formate (dithiocarbamate) means that the polyamine derivatives 
contains carrying one or more sodium dithiocarbamate , potassium 
dithiocarbamate, ammonium dithiocarbamate, calcium dithiocarbamate, 
magnesium dithiocarbamate. Their functionality is in the range of 1.0 and 
l.Smol/mol. 

10 When treating the waste water containing heavy metal ions using the 
chelate compounds of heavy metals in this invention, the product of this 
invention can be put into the waste water pool, then stir it, settle it down 
and filter the sediments and the pollutants will be removed. In the case of 
treating waste burned ash with this product, just spray this product with 

15 suitable amount of water to the completely kneaded ash in a kneader. 

Examples 

Example 1: 

20 Take 5 grams of CTS with molecular weight greater than 10000, put it 
to a four-holed flask equipped with a returning current condenser and a 
thermometer, add 500ml of water, 2.5 grams of NaOH, stir them and raise 
the temperature to 35 °C, add 5 ml of carbon disulfide, under the 
temperature of 40 °C for 3 hours, then raise the temperature to 80 °C, keep 

25 this reaction for 8 hours. Stop heating, then cooling down the reactant to 
room temperature, it is the solution of CTS carrying sodium dithio-formate 
(dithiocarbamate). Filter it, dry it in vacuum, the solid product is the CTS 
derivative carrying sodium dithio-formate (dithiocarbamate), its 
functionality is 0.63mmol/g CTS. S content assayed is reported 4.04%. 

30 

Example 2: 

Take 10 grams of CTS with molecular weight greater than 15000, put it 
to a four-holed flask equipped with a returning current condenser and a 
thermometer, add 1500ml of water, 2.5 grams of KOH, stir them and raise 

35 the temperature to 35 °C, add 5 ml of carbon disulfide, under the 
temperature of 40 °C for 3 hours, then raise the temperature to 80 °C, keep 
it reaction for 10 hours. Stop heating, then cooling down the reactants to 
room temperature, they are the solutions of CTS carrying sodium 
dithio-formate (dithiocarbamate). Filter it, dry it in vacuum, the solid 

40 product is the CTS derivatives carrying potassium dithio-formate 
(dithiocarbamate), its functionality is 0.39mmol/g CTS. S content assayed 
is reported 2.53%. 
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Example 3: 

Take 10 grams of CTS with molecular weight greater than 5000, put it 
to a four-holed flask equipped with a returning current condenser and a 
thermometer, add 1500ml of water, 1.5 grams of Ca(OH) 2 , stir them and 

5 raise the temperature to 40 °C, add 2.5 ml of carbon disulfide, under the 
temperature of 45 °C for 2 hours, then raise the temperature to 70 °C, keep 
it reaction for 6 hours. Stop heating, then cooling down the reactants to 
room temperature, they are the solutions of CTS carrying calcium 
dithio-formate (dithiocarbamate). Filter it, dry it in vacuum, the solid 

10 product is the CTS derivatives carrying calcium dithio-formate 
(dithiocarbamate), its functionality is 0.76mmol/g CTS. S content assayed 
is reported 3.21%. 

Example 4: 

15 Take 60 grams of ethyl diamine, put it to a four-holed flask equipped 

with a returning current condenser and a thermometer, add 200ml of 20% 
NaOH solution, stir them for 30 minutes, add 80 grams of carbon disulfide, 
under the temperature of 40 °C for 3 hours, then raise the temperature to 50 
°C, keep it reaction for 2 hours. Stop heating, then cooling down the 

20 reactants to room temperature. Filter it, dry it, vaporize it and the solid 
product is the ethyl amine- (sodium dithiocarbamate) validated by a nuclear 
magnetic resonance spectrometer. C: 24.76%, H: 3.05%, N: 15.38%, S: 
32.77% contents assayed is reported. 

25 Example 5: 

Take 120 grams of cyclohexyl diamine, put it to a four-holed flask 
equipped with a returning current condenser and a thermometer, add 400ml 
of 10% KOH solution, stir them for 40 minutes, add 180 grams of carbon 
disulfide, under the temperature of 40 °C for 4 hours, then raise the 
30 temperature to 50 °C, keep it reaction for 2 hours. Stop heating, then 
cooling down the reactants to room temperature. Filter it, dry it, vaporize it 
and the solid product is the cyclohexyl diamine-(potassium dithiocarbamate) 
validated by a nuclear magnetic resonance spectrometer. C: 34.15%, H: 
4.19%, N: 10.48%, S: 22.68% contents assayed is reported. 

35 

Example 6: 

Take 150 grams of benzene diamine, put it to a four-holed flask 
equipped with a returning current condenser and a thermometer, add 400ml 
of 10% KOH solution, stir them for 120 minutes, add 300 grams of carbon 
40 disulfide, under the temperature of 45 °C for 12 hours, then raise the 
temperature to 55 °C, keep it reaction for 4 hours. Stop heating, then 
cooling down the reactants to room temperature. Filter it, dry it, vaporize it 
and the solid product is the benzene diamine -(potassium dithiocarbamate) 
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validated by a nuclear magnetic resonance spectrometer. C: 35.15%, H: 
3.20%, N: 11.25%, S: 20.31% contents assayed is reported. 

Example 7: 

5 Take 1200 grams of poly ethyl amine, put it to a four-holed flask 

equipped with a returning current condenser and a thermometer, add 
1500ml of 10% NaOH solution, stir them for 40 minutes, add 1800 grams 
of carbon disulfide, under the temperature of 40 °C for 10 hours, then raise 
the temperature to 50 °C, keep it reaction for 2 hours. Stop heating, then 

io cooling down the reactants to room temperature. Filter it, dry it, vaporize it 
and the solid product is the poly ethyl amine -(potassium dithiocarbamate) 
validated by a nuclear magnetic resonance spectrometer. S: 27.65% content 
assayed is reported. 

15 Example 8: 

Take 100 milligrams of CTS from the product of example 1, add 50ml 
of water, this solution is ready for use. 

Take the 200ml of wastewater containing silver ion of 200mg/l, put 5ml 
of the ready CTS solution to the wastewater sample, stir them for 5 minutes, 
20 settle them down for 30 minutes. Filter the sediments. The measured 
wastewater sample contains silver ion content of 0.9mg/l. 
Example 9: 

Take 20 milligrams of CTS from the product of example 1 and 980 
milligrams of ethyl amine derivatives made from example 3, add 10ml of 
25 water, this mixed solution is ready for use. 

Take the 200ml of wastewater containing silver ion of 200mg/l, put 
1.0ml of the ready mixed solution to the wastewater sample, stir them for 5 
minutes, settle down for 30 minutes. Filter the sediments. The measured 
wastewater sample contains silver ion content of 0.7mg/l. 

30 

Example 10: 

Take 1.0 grams of CTS from the product of example 2, where the 
weight percentage proportion is 7% of the CTS derivatives, benzene 
diamine potassium dithio-formate (dithiocarbamate) is 93%, add 10ml of 

35 water, this mixed solution is ready for use. 

Take the burned garbage ash 100 grams containing lead ion of 500ppm, 
zinc 300ppm, copper 120ppm, cadmium lOOppm. Take 50grams of the ash 
sample, 5.0ml of the ready mixed solution to the ash sample, kneading 
them for 20 minutes. The other 50 grams of ash sample that was not add the 

40 mixed solution is a reference sample, then leach these two samples 
separately according to the TCLP criteria, the contents of heavy metals 
contents assayed by atomic absorption is reported as the following table. 
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Sample 


Content of Leached Metal Ion, ppm 


Pb 


Zn 


Cu 


Cd 


Experimental 


0.5 


0.4 


none 


none 


Reference 


25 


11.5 


0.5 


0.2 



Example 11: Take 0.6grams of CTS from the product of example 1, 
where the weight percentage proportion is 14% of the CTS derivatives, 

5 poly ethyl amine derivatives potassium dithio-formate (dithiocarbamate) 
is 86%, add 10ml of water, this mixed solution is ready for use. 

Take the 200ml of wastewater sample from the electrodepositing 
plant containing nickel ion of 123ppm, put 1.2ml of the ready mixed 
solution to the wastewater sample, stir them for 5 minutes, settle down for 

io 30 minutes. Filter the sediments. The wastewater sample contains nickel 
ion content of 2.8ppml assayed is reported. 

Example 12: 

Take 65%wt of CTS derivatives from the product of example 2, and 
15 35%wt derivatives of cyclohexyl-amine potassium dithiocarbamate, add 
100ml of de-ionized water, this mixed solution is ready for use. 

Take the 200ml of wastewater sample containing lead ion of 174ppm, 
whose Ph value is 4.5, put 1.5ml of the ready mixed solution to the 
wastewater sample, stir them for 5 minutes, settle down for 2 seconds, a 
20 block of black sediment is observed and after 30 minutes settling down, it 
is separated from the waste water. Filter the sediments. The treated 
wastewater becomes very clear and the sample contains lead ion content of 
O.lppm assayed by the atomic adsorption and spectrophotometric 
determination is reported. 

25 

Example 13: 

Take 100 milligrams of CTS from the product of example 1, and take 2 
milligrams of ethylene diamine derivatives from the product of example 3, 
add 10ml of water, this mixed solution is ready for use. 
30 Take the 200ml of wastewater sample containing silver ion of 200mg/l, 
put 1 .0ml of the ready mixed solution to the wastewater sample, stir them 
for 5 minutes, settle down for 30 minutes. Filter the sediments. The 
measured wastewater sample contains silver ion content of 0.9mg/l. 

35 Example 14: 

Take 1.0 grams of CTS from the product of example 3, where the 
weight percentage proportion is 10% of the CTS derivatives, poly ethyl 
diamine potassium dithio-formate (dithiocarbamate) is 90%, add 10ml of 
water, this mixed solution is ready for use. 
40 Take the burned garbage ash 100 grams containing lead ion of 500ppm, 
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zinc 300ppm, copper 120ppm, cadmium lOOppm. Take SOgrams of the ash 
sample, 5.0ml of the ready mixed solution to the ash sample, kneading 
them for 20 minutes. The other 50 grams of ash sample that was not add the 
mixed solution is a reference sample, then leach these two samples 
5 separately according to the TCLP criteria, the contents of heavy metals 
contents assayed by atomic absorption is reported as the following table. 





Content of Leached Metal Ion, ppm 




Pb 


Zn 


Cu 


Cd 


Experimental 


0.8 


0.9 


none 


none 


Reference 


25 


11.5 


0.5 


0.2 
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